Introduction {#sec1_1}
============

In addition to cognitive decline, mobility and balance impairments are common features of dementia \[[@B1]\]. Indeed, gait disorders are more prevalent in dementia than in normal aging, and dementia-related gait changes usually lead to falls \[[@B2],[@B3],[@B4]\]. Patients with dementia are at high risk of falling and suffer from mobility limitations, but intensive physical exercise may improve mobility \[[@B5],[@B6],[@B7]\] and the clinically meaningful gait variables \[[@B8],[@B9],[@B10]\], and therefore reduce the risk of falling \[[@B11],[@B12]\]. A systematic review demonstrated the positive impact of different exercise programs (e.g. resistance exercises, aerobic exercises, functional daily living exercises and dancing) on daily activities, autonomy, quality of life, balance and walking in dementia patients \[[@B13]\]. Thus, an exercise program may represent a model to reduce the risk of falling and rehabilitate gait impairment in dementia patients.

Many authors have noted that exercise programs open opportunities for community health to provide prevention and to reduce the rate and risk of falling in the elderly \[[@B14],[@B15],[@B16]\]. However, the effectiveness of exercise programs in fall prevention in dementia patients is limited \[[@B3],[@B17]\]. Only a few studies have shown a positive effect on postural control and the risk of falling in this population \[[@B11],[@B12]\]. The efficiency of an exercise program on mobility and physical functioning has been demonstrated recently in both institutionalized \[[@B5],[@B9],[@B18]\] and community-dwelling dementia patients \[[@B6],[@B7]\]. More precisely, the effectiveness of exercise for improving spatiotemporal gait parameters in those with cognitive impairment has been demonstrated recently \[[@B8],[@B9],[@B10]\]. Few studies have shown that intensive exercise is practicable and improves the clinically meaningful gait variables in dementia patients \[[@B10]\], even at an early stage of dementia \[[@B8]\]. Thus, an exercise program appears to be a solution that enhances physical function and gait parameters among elderly with cognitive impairments, but the impact of exercise programs on balance is more debatable.

After considering the benefits of maintaining gait performance through an exercise program in dementia patients, it is important to determine whether gait parameter impairments are associated with the risk factors of falling in this population. Recent studies have shown that there is a link between gait variability, cognitive dysfunction and the risk of falls \[[@B13]\]. Previous studies have highlighted that some aspects of gait, such as gait parameters and walking conditions, could predict an increased risk of falling in elderly with cognitive impairments \[[@B2],[@B3]\]. Gait changes are often too discrete to be detected by clinical observation alone. Thus, many technologies have been developed to assess spatiotemporal gait parameters (e.g. optoelectronic systems, the electronic walkway system and triaxial accelerometer devices) \[[@B19],[@B20]\]. Among the triaxial accelerometer systems, Locométrix® is a very simple and economical gait analysis device with significant reliability \[[@B21],[@B22]\]. Moreover, Locométrix® has already been used to define gait profiles at different stages of dementia \[[@B23],[@B24]\]. It seems that accelerometer systems, such as Locométrix® or Dynaport®, allow the study of the relationship between gait performance and the risk of falling \[[@B20],[@B22]\]. Besides, this tool was used to reveal that some specific gait markers are strong predictors of the risk of a first fall \[[@B25]\].

The main objective of this study was to determine the effects of multicomponent exercise on gait parameters, the risk of falling and physical activity in dementia patients. The second aim was to explore the link between spatiotemporal gait parameters and the risk of falling in these patients with a simple gait analysis device.

Materials and Methods {#sec1_2}
=====================

Participants {#sec2_1}
------------

Sixteen participants aged \>80 years with cognitive impairments participated in the study. Among these people, 8 participants had fallen at least once. Participants were recruited consecutively from either a geriatric hospital (Alzheimer\'s disease hospital unit) or a nursing home. The diagnosis of Alzheimer\'s disease or other form of dementia was performed by geriatricians according to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) criteria and/or the Mini-Mental State Examination (MMSE) score (\<23) \[[@B26]\]. MMSE provides a brief test that quantitatively assesses the severity of cognitive impairment of participants. The mean score of our population was 15.5 ± 5.9. The etiology of dementia was not clearly established for 4 patients.

To be eligible for inclusion, participants were required to have lived in institutional care for at least 2 months, to be able to rise from a chair and to walk at least 10 m with or without the assistance of a cane, and to have an MMSE score \<23. Participants presented a sufficient level of autonomy to move by themselves and were recruited on their capability to understand instructions and to follow an adapted physical activity program. Exclusion criteria included a history of major psychiatric illness (e.g. schizophrenia or bipolar disorder) or other serious neurological or musculoskeletal diagnoses (e.g. Parkinson\'s disease or stroke) that could influence posture and/or gait. Written consent was obtained from patients, caregivers or legal guardians.

Design {#sec2_2}
------

In this study there were two different periods of 8 weeks (a non-intervention period and an intervention period) (fig. [1](#F1){ref-type="fig"}). In the first period, participants did not change their daily routines and no activities were proposed (non-intervention). In the second period, we proposed a multicomponent exercise program (intervention) to all participants. The 8-week multicomponent exercise program consisted of two group sessions and one individual session per week based on endurance walking, balance, flexibility, strength and gait exercises. The duration of the group sessions was about 60 min and the duration of the individual session was 30 min.

Group Sessions {#sec2_3}
--------------

The group sessions were divided into three parts: the first part consisted of 10 min of contact and a stretching warm-up, the second part consisted of 40 min of multicomponent exercise (strength, balance and gait exercises), and the third part consisted of 10 min of flexibility and relaxation.

In the second part, the program consisted of moderate intensity exercises of progressive resistance strength training of the lower extremities. We alternated between elastic bands (e.g. theraband) and functional exercises (sitting down, standing up from a sitting position on a chair, lateral elevation of the legs in a standing position, climbing stairs). Postural balance exercises, such as tandem walking and side walking on balance boards using cones and hoops on the ground, one- or two-leg balance exercises, and rising on the toes were also included in the sessions. In addition, participants performed combined balance and walking exercises (e.g. circuit exercise including stair stepping and endurance walking).

Individual Session {#sec2_4}
------------------

Once a week the individual session focused on gait exercises. When participants were stable in basic walking, the complexity and challenge of the tasks was increased using goal-oriented progressively difficult stepping, then modification of walking speed and amplitude (e.g. narrowing oval width) and zigzagging. Finally, gait exercises included dual-task walking (e.g. walking whilst conducting a conversation, walking while counting, walking while carrying a glass of water, or walking while bouncing a ball).

A geriatric rehabilitation specialist supervised the exercises and a trained physiotherapist conducted the sessions. To enhance adherence, the exercise program began at a light intensity and was adapted to the capability of the participants so that they could repeat the exercises easily. We explained the exercise program using simple sentences and exercises so that the patients understood the instructions.

Outcome Measurements {#sec2_5}
--------------------

Spatiotemporal gait analysis and the Tinetti balance assessment were measured several times (fig. [1](#F1){ref-type="fig"}): at the beginning of the non-intervention period (T0, initial measurements), before the intervention period (T1, pre-exercise measurements), and after the intervention period at the end of the 8-week multicomponent exercise program (T2, post-exercise measurements). Finally, physical activity was assessed during the non-intervention and intervention periods.

Gait Parameters {#sec2_6}
---------------

Participants were asked to walk at a comfortable pace along a straight corridor 20 m long. All participants wore their usual walking shoes, avoiding high heels or hard-soled shoes. Gait parameters were recorded at 100 Hz using a Locométrix® triaxial accelerometer (Centaure Metrix, Evry, France) \[[@B23],[@B24],[@B27],[@B28]\], which features a system comprising two perpendicularly arranged accelerometers placed near the subject\'s center of gravity by an elastic belt (at the L3-L4 intervertebral space). The sensor weighed 20 g and was composed of three accelerometers placed perpendicularly to each other and housed in a small box (40 × 18 × 18 mm) \[[@B21]\].

The following variables were calculated during the walking task: (1) Gait speed (m/s) was measured using a timing line. (2) Stride frequency (Hz) was calculated from the craniocaudal acceleration measurements and following the application of a fast Fourier transform. It was normalized according to the height of each participant. (3) Stride length (m) was deduced from the equation (stride length = speed/stride frequency). (4) The symmetry index (arbitrary units) was calculated. It described the similarity of left and right craniocaudal acceleration, which is the integral of the power spectrum of density calculated from the fast Fourier transform of the craniocaudal acceleration signal. The symmetry index is independent of fluctuations in the successive craniocaudal movements of each limb and it is dimensionless. Symmetry was calculated over all the steps of a sample by an autocorrelation function of the signal craniocaudal acceleration. A value \>200 was considered normal. (5) The regularity index (arbitrary units) measured the similarity (in terms of duration and amplitude) of the shape of the craniocaudal acceleration curves from one step to another. A value \>300 was considered normal. Symmetry and regularity may be independent of age and gender.

Tinetti Balance Scale {#sec2_7}
---------------------

We assessed all participants\' gait and balance abilities using the simple, easily administered Tinetti scale \[[@B27]\]. The resulting scores range from 0 to 28. When the score is ≤18, the fall risk is considered high, when the score is between 18 and 24, the fall risk is considered moderate, and when the score is ≥24, the fall risk is considered low \[[@B27]\]. Also, the Tinetti score is indirectly associated with the risk of falling.

Physical Activity {#sec2_8}
-----------------

Analysis of energy expenditure for physical activity during daily life was performed using a triaxial accelerometer (Body Media SenseWear® Pro armband). Indeed, accelerometers can quantify the intensity, frequency, duration and total volume of activity completed and give an indication of physical activity. It assesses energy expenditure for physical activity and is expressed as the metabolic equivalent (MET) \[[@B28]\]. Energy expenditure was measured every day before (non-intervention) and during (intervention) the 8-week multicomponent exercise program. The accelerometer was worn on the wrist for 12 h per day (from 9 a.m. to 9 p.m.) in the geriatric hospital or the nursing home.

Statistical Analysis {#sec2_9}
--------------------

The Shapiro-Wilk test was used to test the normal distribution of each parameter. Repeated measurements were studied by analysis of variance (repeated ANOVA) (T0 vs. T1 vs. T2), and significant differences were determined by a post hoc Fisher\'s test. Spearman\'s rank correlation test was used to study the link between spatiotemporal gait parameters and the Tinetti score. Finally, the Wilcoxon test was used to analyze the effects of the exercise program on physical activity. Statistical analysis was performed using Statistica software version 9 (StatSoft Inc., Tulsa, Okla., USA). The significance level was set at p \< 0.05.

Results {#sec1_3}
=======

The mean anthropometric parameters of the population were age 86.7 ± 5.4 years, weight 64.7 ± 13.5 kg, height 155.1 ± 5.6 cm and body mass index 26.91 ± 5.65.

Effects of the Multicomponent Exercise Program on Outcome Measurements {#sec2_10}
----------------------------------------------------------------------

First, gait speed increased significantly between before (T0 and T1) and after intervention (T2) (p \< 0.05) (table [1](#T1){ref-type="table"}). Indeed, after 8 weeks of the exercise program (T2), the mean gait speed was 0.12 m/s faster than at initial measurement (T0) and pre-exercise measurement (T1) \[0.55 ± 0.17 (T0) vs. 0.67 ± 0.14 m/s (T2), p \< 0.05; 0.55 ± 0.16 (T1) vs. 0.67 ± 0.14 m/s (T2), p \< 0.05\] (table [1](#T1){ref-type="table"}). However, gait speed did not change significantly between T0 and T1 (p \> 0.05). Among the other gait parameters, stride length, stride frequency and the symmetry index increased significantly at T2 compared to the baseline values at T0 and T1 (p \< 0.05), but there was no significant difference between T0 and T1 (p \> 0.05) (table [1](#T1){ref-type="table"}). Finally, there was no significant difference for regularity index between T0 and T1 (p \> 0.05).

Second, the results showed differences in the Tinetti score before (T0 and T1) and after intervention (T2) (p \< 0.05) (table [1](#T1){ref-type="table"}). Indeed, post hoc analysis revealed that the Tinetti score at T2 (23.7 ± 4.2) increased significantly from T0 (22.1 ± 5.7, p \< 0.05) and T1 (22.4 ± 5.5, p \< 0.05), but no significant difference was observed between T0 and T1 (p \> 0.05).

Third, energy expenditure assessed by the Body Media SenseWear® Pro armband did not reveal any differences between the metabolic cost of physical activity of the 8-week exercise program and without it (1.11 ± 1.15 MET for non-intervention vs. 1.15 ± 0.22 MET for intervention, p \> 0.05).

Relationship between Gait Parameters and the Tinetti Score {#sec2_11}
----------------------------------------------------------

We observed a significant positive correlation between gait speed and the Tinetti score at T0 (r = 0.56, p \< 0.05), T1 (r = 0.56, p \< 0.05) and T2 (r = 0.50, p \< 0.05) (fig. [2a](#F2){ref-type="fig"}). Similarly, stride length was associated with the Tinetti score in the three measurements (T0: r = 0.70; T1: r = 0.58; T2: r = 0.58; p \< 0.05) (fig. [2b](#F2){ref-type="fig"}). Among the others gait parameters, stride frequency and symmetry were not associated with the Tinetti score (p \> 0.05).

Discussion {#sec1_4}
==========

The present study aimed to define the specific effect of multicomponent exercise on gait parameters, risk of falling and physical activity in dementia patients. Secondly, it aimed to determine the link between spatiotemporal gait parameters and the risk of falling in this population.

Effects of the Multicomponent Exercise Program on Outcome Measurements {#sec2_12}
----------------------------------------------------------------------

The main result showed that a multicomponent exercise program improved gait parameters and decreased the risk of falling in dementia patients. In the literature, multicomponent exercise has been shown to improve gait speed \[[@B8],[@B9],[@B10]\], stride length \[[@B8],[@B9],[@B10]\], cadence and the double support time \[[@B9],[@B10]\]. In this study, the improved gait parameters included gait speed, cadence, stride length and the symmetry index, but not the regularity index. The effect of exercise on gait speed obtained in this study (0.12 m/s) was similar to that found in a recent meta-analysis (mean difference 0.06 m/s) \[[@B13]\], but this value was less significant than the results of several recent studies (gait speed increase from 0.18 to 0.28 m/s) \[[@B8],[@B9],[@B10]\]. Moreover, the symmetry index score also increased and our patients reached the normal value (score \>200) \[[@B21]\]. Our exercise program significantly increased the average score of the Tinetti test, but this improvement was shown specifically for participants whose score indicated a high or moderate risk of falling before the 8-week exercise program. Indeed, 4 participants out of 8 moved from high to moderate risk of falling, and 1 participant out of 8 moved from moderate to low risk of falling. These improvements are in agreement with the work of Santana-Sosa et al. \[[@B11]\] who indicated that multicomponent intervention contributes to enhancing posture and balance, thereby improving the Tinetti score. Therefore, clinical tests such as the Tinetti scale \[[@B11]\] and the Timed Up and Go \[[@B12]\] are suitable to assess the effects of an exercise program on balance capabilities in dementia patients.

The originality of this study lies in the fact that each patient constituted his/her own control and that we assessed the gait performance and risk of falling during a non-intervention and an intervention period. We noticed a significant difference in the gait analysis and the Tinetti test score after exercise (intervention period), whereas these variables were stabilized before beginning this intervention. Indeed, no changes in gait speed were observed between the initial measurement (T0) and the pre-exercise measurement (T1) (non-intervention period). The potential causes for the effectiveness of the exercise program are related to its specific characteristics. In fact, as in this study, most of the effective high-quality studies used an exercise program that combined various types of exercises including resistance, flexibility, walking and balance/coordination exercises \[[@B5],[@B6],[@B7],[@B18]\] as well as dual-task exercises \[[@B5]\]. In this study, we alternated between individual and group-based exercises in institutionalized settings. Thus, patients received a personalized exercise program with appropriate exercises, including specific walking exercises. In the studies resulting in a positive outcome, the frequency of intervention was at least bi-weekly over 3 months, and usually the intensity of the program increased progressively \[[@B5],[@B18]\]. Our exercise program was shorter (8 weeks) than the usual ones, but generated positive effects on gait parameters and walking too. In our study, all participants finished the program, completing an average of 81% of the prescribed sessions with no adverse events reported.

We also observed that physical activity did not change the metabolic cost of each patient (1.11 ± 1.15 MET for non-intervention vs. 1.15 ± 0.22 MET for intervention; p \> 0.05). Patients may have adapted their activity level according to the type of exercises proposed during the 8-week multicomponent exercise program. Consequently, each patient\'s physical activity level was similar between the periods with and without intervention. A qualitative approach with a regular and personalized program may explain the positives effects on their gait performances.

Relationship between Gait Parameters and the Tinetti Score {#sec2_13}
----------------------------------------------------------

This study also explored the potential link between gait parameters and the risk of falling. In the literature, many authors significantly associate the risk of falling and gait parameters in dementia patients \[[@B2],[@B3]\]. Globally, impairments in temporal and spatial gait parameters have been reported among individuals in the early stages of Alzheimer\'s disease \[[@B23],[@B24],[@B29]\]. More precisely, examination of individual gait parameters in dementia patients has indicated that these parameters were significantly modified in multiple fallers \[[@B30],[@B31]\]. Indeed, they walked more slowly \[[@B30],[@B31]\], had shorter stride length \[[@B30],[@B31]\], spent longer time in double support \[[@B30]\], had a wider support width and showed more variability in stride length and swing time \[[@B30]\]. However, the literature describes non-faller dementia patients with a gait speed \>1.0 m/s \[[@B23],[@B24],[@B29]\], whereas faller dementia patients have a gait speed ranging from 0.62 to 0.78 m/s according to the stage of dementia \[[@B4],[@B30],[@B31]\]. In our population, patients had low gait performances (gait speed \<0.8 m/s) correlated with the Tinetti score (T0, T1 and T2). It seems that analysis of gait speed in the single walking task can be used to detect moderate to severe dementia patients at risk of falling \[[@B31]\], whereas this parameter is used less in the literature \[[@B3]\]. While Locométrix® remains a simple and fast gait analysis system for clinical use, we proposed in this study a deep analysis of the gait to estimate the effects of the multicomponent exercise program and the risk of falling.

Limitations {#sec2_14}
-----------

Some limitations of this study need to be considered. First, the exercise program improved gait speed, but its value was still low (gait speed \<0.8 m/s) and was always associated with the risk of adverse outcomes after interventions \[[@B32]\]. Likewise, we observed an improvement in the Tinetti score for participants who had a high risk of falling, but most participants still had a low risk of falling. These results are probably associated with a very low gait performance related to age (86.7 ± 5.4 years) and the stage of dementia as well as the fact that several participants (8 patients) were multiple fallers before the exercise program.

Second, like a number of studies \[[@B33]\], this study included few participants and has weak power. Several studies have failed to accurately diagnose their patients as having dementia. In many studies, the definition of dementia relied only on the MMSE score, which is not enough to justify a diagnosis of dementia. Nevertheless, 4 participants in this study were recruited from their MMSE scores only.

Finally, an accelerometer such as Locométrix® is a high-performance tool for defining a specific gait pattern for each cognitive profile \[[@B23],[@B24]\] and is an efficient method \[[@B20],[@B22]\]. However, gait parameters analysis and interpretation are difficult with this technology. Although stride time variability is becoming a relevant marker of risk of falling \[[@B3]\], it is difficult to use regularity parameter in this study because it is only an index and not an absolute value.

Perspectives {#sec2_15}
------------

Gait and the risk of falling are associated with frontal cognitive functions at different stages of Alzheimer\'s disease \[[@B4]\]. Executive and attention dysfunctions have been suggested to be the main cause of these early gait impairments \[[@B34]\], which may become subsequent risk factors of falling \[[@B35]\]. Several studies have demonstrated the positive effect of a multicomponent exercise program on cognitive functions \[[@B9],[@B33],[@B36]\]. In this study we did not assess the executive and attention functions capabilities of our dementia patients; nevertheless, these seem to improve through exercise programs.

In order to obtain optimal results in future studies, we recommend that authors include a second non-intervention period at the end of a multicomponent exercise program to assess the maintenance of the improvements.

Conclusion {#sec1_5}
==========

A short-term, 8-week multicomponent exercise program including walking and balance exercises, functional exercises, muscle strengthening and flexibility improved gait performance and reduced the risk of falling in dementia patients most at risk. Assessment of spatiotemporal gait parameters using an accelerometer method (Locométrix®) provided a quick and easy tool to estimate the benefits of an exercise program on gait performance.
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====================
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![**a** Correlation between gait speed and the Tinetti score at T0, T1 and T2. **b** Correlation between stride length and the Tinetti score at T0, T1 and T2.](dee-0005-0350-g02){#F2}

###### 

Comparison of spatiotemporal gait parameters and Tinetti score between three measurements (T0, T1, T2) by repeated ANOVA

                           T0                                              T1                                              T2
  ------------------------ ----------------------------------------------- ----------------------------------------------- --------------
  *Gait parameters*                                                                                                        
  Gait speed, m/s          0.55 ± 0.17[^\*^](#T1F1){ref-type="table-fn"}   0.55 ± 0.16[^\#^](#T1F2){ref-type="table-fn"}   0.67 ± 0.14
  Stride length, m         0.74 ± 0.12[^\*^](#T1F1){ref-type="table-fn"}   0.77 ± 0.16[^\#^](#T1F2){ref-type="table-fn"}   0.82 ± 0.13
  Stride frequency, Hz     0.73 ± 0.13[^\*^](#T1F1){ref-type="table-fn"}   0.72 ± 0.14[^\#^](#T1F2){ref-type="table-fn"}   0.81 ± 0.07
  Regularity index, a.u.   73.2 ± 41.6[^\*^](#T1F1){ref-type="table-fn"}   73.1 ± 35.5[^\#^](#T1F2){ref-type="table-fn"}   89.6 ± 44.0
  Symmetry index, a.u.     144.6 ± 38.8                                    154.4 ±51.3                                     208.0 ± 58.9
                                                                                                                           
  *Clinical test*                                                                                                          
  Tinetti score            22.1 ± 5.7[^\*^](#T1F1){ref-type="table-fn"}    22.4 ±5.5[^\#^](#T1F2){ref-type="table-fn"}     23.7 ± 4.2

Figures are given as mean ± standard deviation.

a.u. = Arbitrary units.

Significantly different between T0 and T2.

Significantly different between T1 and T2.
